Introduction
Somatic embryogenesis is the process by which somatic cells, under induction conditions, generate embryogenic cells that go through a series of morphological and biochemical changes that result in the formation of somatic embryos (Quiroz-Figueroa et al., 2006) . This process is feasible because plants possess cellular totipotency, by which individual somatic cells can regenerate a whole plant (Vasil and Vasil, 1972) . The acquisition of embryogenic competence by somatic cells is a complex process that comprises several phases: dedifferentiation, cell reactivation, cell divisions, and various metabolic and developmental reprogramming steps (Ochatt, 2010) . The technique of embryogenesis makes an attractive tool not only for mass production but also for crop improvement and genetic transformation (Pérez-Clemente et al., 2004; Quiroz-Figueroa et al., 2006; Namasivayam, 2007) . However, the initiation of somatic embryogenesis in plants depends on both extrinsic and intrinsic factors.
Among the various extrinsic factors that may induce an embryogenic pathway of development, plant growth regulators, especially auxins, have been known to be implicated in cell cycle regulation, cell division, and differentiation (Del Pozo and Manzano, 2014) as well as in the induction of somatic embryogenesis (Pasternak, 2002) . 5, , a synthetic auxin, is particularly effective for induction of cell division, proliferation, and further regeneration such as somatic embryogenesis in a range of plant species (Barro et al., 1999; Sanchez-Romero, 2005; Gomes et al., 2006) . It acts by inducing auxin sensitivity in nondividing cells that are arrested in G1 (growth phase), enabling them to reenter the S phase (DNA replication) and mitosis (He et al., 2010) .
Regarding intrinsic factors, genotype is the most determinant in embryogenic competence (Fehér, 2008; Ochatt et al., 2010; Isah, 2016) . Various groups, families, and genera are still regarded as recalcitrant to embryogenesis, like Prunus (Druart, 1999) . Such recalcitrance has handicapped and delayed the exploitation of biotechnology approaches for breeding in many species and was and still is the subject of research in many laboratories (Ochatt et al., 2010) .
Extrinsic and intrinsic factors naturally act in close correlation. Auxin signaling requires cellular receptors like proteins such as ABP (auxin-binding protein). ABP1 constitutes the first step of the auxin-signaling pathway mediating auxin effects on the cell cycle (David et al., 2007) . It is involved in a broad range of cellular responses to auxin including cell division and expansion and auxinregulated gene expression (Tromas et al., 2010; Sauer and Kleine-Vehn, 2011; Shi and Yang, 2011) . ABP1 has long been proposed as a candidate auxin receptor to mediate auxin action in plant and to control growth and development throughout plant life (Paque et al., 2014) . The developmental switch from a differentiated cell state to a dedifferentiated, dividing, and embryogenic state involves the general reorganization of chromatin and the overall reprogramming of gene expression (Dudits et al., 1995) . Cell dedifferentiation by successive divisions is coordinated by cyclin-dependent kinase (Cdk) activity. Cdks are serine/threonine kinases characterized by needing a separate subunit, a cyclin, that provides domains essential for enzymatic activity (Del Pozo and Manzano, 2014; Malumbres, 2014) . Cdk activity is a major factor underlying cell proliferation and callus induction and it can enhance in vitro organogenesis (Cheng et al, 2015) . Cyclin-dependent kinase 1 (Cdk1), formerly called cdc2 (Castedo et al., 2002) , is a key regulator of cell cycle. Cdc2 gene expression precedes cell division, suggesting that it reflects a physiological state of competent cells to divide (Hemerly et al., 1993) . Somatic embryogenesis, a form of in vitro organogenesis, is controlled by the SERK (somatic embryogenesis receptor kinase) genes detected in numerous species (Savona et al., 2012; Ma et al., 2014; Sucharitakul et al., 2014; Pilarska et al., 2016) . The SERK gene encodes a transmembrane protein kinase belonging the family of leucine-rich repeat protein receptor-like kinases and it is upregulated by auxin (Zhang et al., 2011) .
Sour cherry (Prunus cerasus) is one of the economically important species used for direct fruit production or as rootstocks for many cherry varieties (Brown et al., 1996) . Among cherry rootstocks, CAB 6P is considered the best of the CAB series selected in the Emilia Romagna region in Italy. It is a semidwarfing rootstock (Webster and Schmidt, 1996) that promotes fruit quality and crop yield (Cantin et al., 2010) . With its highly heterozygous nature, this cultivar should only be propagated in a vegetative way using preferential tissue culture methods, which include somatic embryogenesis.
In our lab, induction of somatic embryogenesis has been tried on different explant types of CAB 6P clones under several different culture conditions. Only compact calli were obtained and no somatic embryos were regenerated (Ben Mahmoud, 2012) . In order to give more highlights on the underlying causes of this permanent recalcitrance, the present study was carried out and investigations made at the molecular level were focused on the expression of PiABP19, Picdc2, and PiSERK3 gene sequences during the induction phase of somatic embryogenesis. The genotype N°131 has been used as a positive control for its embryogenic ability (Ben Mahmoud et al., 2013) .
Materials and methods

Plant material and culture conditions
This study was essentially focused on the cherry genotype CAB 6P that belongs to the Prunus cerasus collection located in the Emilia Romagna region of Italy. It was introduced by the Laboratory of Plant Biotechnology and Physiology of the National Agronomic Research Institute of Tunisia (INRAT) as a dwarfing cherry rootstock. A second genotype (accession number 131) (Prunus incisa), which belongs to a Prunus collection established by the Walloon Agricultural Research Centre (CRA-W) in Gembloux (Belgium), was integrated in this study as a positive control for somatic embryogenesis ability.
These genotypes are introduced in vitro through meristem tip culture and proliferate through axillary branching according to methods and culture conditions elsewhere described for fruit tree micropropagation (Druart, 2003) .
Cultures of mother shoots were maintained in a growth chamber under a 16-h photoperiod provided by fluorescent lighting (Sylvania Grolux F36 W) at temperature of 23 ± 1 °C. Leaf explants were picked from shoots and wounded at three equidistant locations on the adaxial blade surface across the midrib. Wounded leaves were then cultured on MS medium (Murashige and Skoog, 1962) supplemented with 4 µM picloram (Sigma), during 30 days in darkness.
Molecular analysis
For molecular analyses, samples were taken each 5 days of culture and kept at -80 °C for subsequent RNA extraction. They consisted of leaves (at days 5 and 10) and derived calli (at days 15 and 20), embryogenic calli in the case of genotype N°131 or nonembryogenic calli in the case of genotype CAB 6P (at days 25 and 30).
Total RNA was isolated from 500 mg of fresh weight as previously described (Ben Mahmoud et al., 2013) . The specific primers (Table) were based on expressed sequence tags available from Prunus persica, as well as the ABP, cdc2, and SERK genes functionally characterized in other plant species (Ben Mahmoud et al., 2013) . The 18S rRNA gene was used as a control for RNA loading and normalization. Polymerase chain reaction (PCR) amplifications were carried out with 30 cycles of the following conditions: denaturation at 94 °C for 30 s, annealing for 45 s (at 55 for SERK and cdc2, 58 °C for ABP19, and 55 °C for 18S rRNA), and elongation at 72 °C for 1 min, with a final extension at 72 °C for 7 min. All reactions were performed with an iCycler (Bio-Rad). The amplified cDNA fragments were of the expected sizes based on sequence information data from homologous sequences. Each PCR amplification was repeated three times. The amplified PCR products were electrophoresed on 1% (w/v) agarose gel and visualized by staining with ethidium bromide.
ABP19, cdc2, and SERK partial cDNAs were cloned, sequenced, and submitted to GenBank as newly identified partial transcripts named PiABP19, Picdc2, and PiSERK3 (Ben Mahmoud et al., 2013) .
Statistical analysis
Data were significantly analyzed after arcsinrac(x) variable transformation using the ANOVA method of the STATISTICA program (version v) (StatSoft, France, 1998) . Differences among treatment averages were analyzed by Newman-Keuls test at P < 0.05.
Results
The morphogenic responses
Leaf explants of the genotypes CAB 6P and N°131 showed differential reactions against induction treatment for somatic embryogenesis that consisted of 30 days of culturing on MS basal medium supplemented with 4 µM picloram, and then transfer to expression medium containing 6-benzylaminopurine (BAP) and 1-naphthalene acetic acid (NAA).
In the case of CAB 6P explants, a primary reaction that only consisted of swelling of the midrib vein occurred after 10 days of culture (Figure 1a) . Callogenesis first became visible on the petiolar side of the leaf after 15 days of culture (Figure 1b) . It continued to grow as a compact callus that covered the entire surface of the explant at the end of the culture period. Except for this callogenesis, no further morphological changes were observed on CAB 6P leaf explants (Figure 1c) , which seemed to lack the capability to induce somatic embryogenesis.
Callus formation was noticed earlier in the case of genotype N°131; it started within the first 10 days of culture in the same zone as in CAB 6P leaves (Figure 1d ) before reaching the basal and median incisions after about 15 days of culture (Figure 1e ). Contrarily to CAB 6P, the callus developing from leaf explants of this genotype was friable and able to produce somatic embryos. Indeed, embryogenic clumps were observed on the surface of the callus at the end of the induction period (Figure 1f) . 3.2. PiABP19, Picdc2, and PiSERK3 expression profiles during the induction period of somatic embryogenesis in genotypes CAB 6P and N°131 Semiquantitative RT-PCR was used to monitor the relative expression of PiABP19, Picdc2, and PiSERK3 in freshly excised leaf explants (day 0) and throughout the culture period of 30 days in embryogenic (N°131) and nonembryogenic (CAB 6P) cherry genotypes. Samples were collected every 5 days of the induction period. The relative transcript levels were estimated compared to the 18S rRNA gene. Transcripts of all selected genes were detected in all analyzed samples (leaf and leaf-derived callus tissues).
In the case of the PiABP19 gene, RT-PCR showed similar expression patterns in the two genotypes. The highest transcript levels were recorded in samples before culture induction (day 0), and they were lower during the remaining culture period. However, the transcript level of PiABP19 recorded on day 0 in leaf tissues was significantly lower in CAB 6P than in N°131 (Figure 2) .
In contrast, differential and distinctive expression profiles (P < 0.05) between embryogenic and recalcitrant genotypes were observed for Picdc2 (Figure 3) and PiSERK3 (Figure 4) .
Concerning Picdc2, transcript levels recorded in genotype N°131 remained invariable at the beginning of the culture up to day 10 and increased gradually to reach a peak at day 25, when embryogenic structures could be observed (Figure 1 ). They then decreased nearly twofold at the end of the culture period. However, in the case of CAP 6P, transcript levels of Picdc2, which were higher than in cv. N°131 until day 5, significantly decreased after day 10 and remained low during the whole culture period ( Figure  3) .
Concerning the PiSERK3 gene, transcript levels were detected in these two genotypes (N°131 and CAB 6P) and were relatively similar on day 0. During the induction period, the expression profile of the PiSERK3 gene in Table. Primer sequences used in the PCR amplifications. genotype N°131 showed a biphasic pattern marked by two peaks (Figure 4) . A first peak was detected at day 15 when calli were formed in petiolar, basal, and median leaf sites (Figure 1) . A second peak was recorded in explants developing embryogenic structures on day 25 (Figure 1 ). In contrast, PiSERK3 transcript levels in CAB 6P significantly declined from the beginning of culture and remained low throughout the whole culture period (Figure 4 ).
Discussion
In this study a molecular investigation was focused on the expression of the PiABP19, Picdc2, and PiSERK3 genes that are known for their involvement in cellular response to auxin (PiABP19) (Tromas et al., 2010) , cell cycle regulation (Picdc2) (Malumbre, 2014) , and the somatic embryogenesis process (PiSERK3) (Salvo et al., 2014) . . Expression profile of PiSERK3 during induction period of somatic embryogenesis in embryogenic genotype N°131 (P. incisa) and recalcitrant genotype CAB 6P (P. cerasus) from leaf explants cultured on picloram-containing medium for 30 days. RT-PCR amplification data were normalized to the housekeeping gene, 18S rRNA. Data are reported as mean values ± SD, n = 3. Different letters denote significant differences (P < 0.05).
The aim was to try to find a relation between morphological expressions and molecular events based on the expression of these genes during the embryogenesis process in embryogenic and nonembryogenic (recalcitrant) genotypes.
In the case of PiABP19, transcripts were registered in leaf explants of both genotypes on day 0, before culture on picloram-containing medium. A similar observation was reported in tobacco leaf cells when the highest level of ABP1 was observed at the position of maximum cell expansion (Chen et al., 2001) . Indeed, the auxinbinding protein ABP has been postulated to mediate cell expansion (Tromas et al., 2009) . The significant reduction of transcripts of this gene recorded during culture period could be attributed to the cellular division process, which leads to subsequent callogenesis observed from day 5 of culture in leaf explants of both genotypes. Similarly, the position of maximum cell divisions in tobacco leaf cells was correlated with a low ABP1 level (Chen et al., 2001) .
Regarding Picdc2, the CDK protein acts as a key regulator of cell cycle (Malumbre, 2014) . Its expression was not found restricted to dividing cells; it was also observed at a relatively high level even in nondividing differentiated plant cells (such as those in young leaves), marking competence for cell division (Hemerly, 1993) . In the case of genotype N°131, the expression profile of Picdc2 registered during the culture period showed fluctuation of transcript levels marked by two main phases followed by decline at the end of the culture period. During the first 10 days, declining transcript levels of this gene seemed to correspond to the cell dedifferentiation process, confirmed by anatomical observations (Ben Mahmoud, 2012) . After that, transcripts showed an important increase, reaching a peak at day 25 that could be associated with activation of cell proliferation and callogenesis observed in wounded sites of leaves from day 15 and formation of embryogenic structures detected since day 25 of culture. In this context, previous study confirmed that CDK activity is a major factor underling cell divisions (Joubés et al., 2001; Malumbre, 2014) , callus induction, and in vitro organogenesis (Cheng et al., 2015) . On the other hand, Picdc2 transcript levels were significantly lower in CAB 6P and the profile expression showed an accumulation of transcripts at days 0 and 5 of culture followed by a drastic reduction from day 10 until the end of culture period. According to these observations, accumulation of Picdc2 transcripts at day 5 could stimulate mitotic activity, leading to callus formation from day 15 in wounded sites of leaves (Figure 1 ), but the decline of these transcripts could hamper cell dedifferentiation as proved by histological study (Ben Mahmoud, 2012) , and consequently the embryogenic process.
Concerning PiSERK3, transcripts of this gene were detected in tissues of the embryogenic genotype as well as the recalcitrant one. This result corroborates previous works conducted on Zea mays (Baudino et al., 2001) , Triticum aestivum (Singla et al., 2008) Medicago truncatula (Nolan et al., 2003) , and Trifolium nigrescens (Pilarska et al., 2016) . Meanwhile, the expression of SERK is closely related to the induction of embryogenesis (Pérez-Núñez et al., 2009; Salvo et al., 2014; Pilarska et al., 2016) and the further development of embryos (Nolan et al., 2003; De Oliveira Santos et al., 2005; Sucharitakul et al., 2014) . This gene may play a broader developmental role, such as in vitro organogenesis, plant growth, and development (Nolan, 2003; Savona et al., 2012) . During the induction period, the expression profile of the PiSERK3 gene in the case of the embryogenic genotype (N°131) showed fluctuation marked by a double peak of transcripts at days 15 and 25 of culture. We suggest that this PiSERK3 biphasic pattern coincided with the cellular dedifferentiation and differentiation steps occurring throughout the embryogenic process. The first peak recorded at day 15 of culture appears to coincide with the acquisition of embryogenic competence as confirmed in other plant species (Nolan, 2003; De Oliveira Santos et al., 2005; Shimada et al., 2005) . The second peak registered at day 25 could be associated with the differentiation of embryogenic structures and proembryo formation (Ben Mahmoud, 2012) . The decline of SERK transcript levels at the end of the culture period is related to results observed in carrot, where DcSERK expression is characteristic of embryogenic development up to the globular stage and stops thereafter (Schmidt et al., 1997) . In the case of the recalcitrant genotype (CAB 6P), the significant decline of PiSERK3 transcript level from day 5 until the end of the culture period was accompanied by the formation of amorphous and compact calli without any embryogenic reaction (Ben Mahmoud, 2012) .
From the obtained results, it may be concluded that the significantly lower PiABP19 transcript level registered in CAB 6P leaf tissues at day 0 of culture may signify the deficiency of this genotype to respond to auxin signaling via auxin-binding protein. Regarding the two other genes, Picdc2 and PiSERK3, constant and significantly lower transcript levels in the same genotype may result in a deficiency in cell dedifferentiation and redifferentiation processes occurring throughout somatic embryogenesis. In such a situation, no somatic embryos were obtained in the case of CAB 6P, which produced only amorphous calli.
Further deep investigations at the molecular and cytological levels may provide more information about the iterative relationship between the molecular and the cellular processes in Prunus.
